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(57) ABSTRACT

A semiconductor storage circuit includes a memory core
which includes multiple memory cells; an error checking and
correction (ECC) encoder; and an ECC decoder. The memory
core is activated in response to input of a command for each
operation cycle. The ECC encoder performs ECC encoding
of input data which is input together with a write command
and thus generates ECC data, and generates write data includ-
ing the input data and the ECC data. The ECC decoder per-
forms ECC decoding of read data which has been read from
the memory core according to a read command, using ECC
data included in the read data, and thus generates output data.
An adjustment is made to equalize a delay from input of a
write command until activation of the memory core and a
delay from input of a read command until activation of the
memory core.
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1
SEMICONDUCTOR STORAGE CIRCUIT AND
OPERATION METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2012-
153557 filed on Jul. 9, 2012 including the specification, draw-
ings and abstract is incorporated herein by reference in its
entirety.

BACKGROUND

The present invention relates to a semiconductor storage
circuit and an operation method thereof and particularly to an
operation method of a semiconductor storage circuit having
an error checking and correction (ECC) function.

The ECC function that detects and corrects an error in
stored data is widely used as a technique for enhancing data
reliability of a semiconductor storage circuit. Recently, not
only an independent memory chip, also a memory macro
integrated into an LSI with embedded memory may be
equipped with the ECC function.

A memory macro equipped with the ECC function is dis-
closed in, e.g., Japanese Unexamined Patent Application
Publication No. 2010-086120. FIG. 1 presents a configura-
tion of a controller 16 disclosed in this publication. The con-
troller 106 includes a memory 101, a memory controller 102,
and a processor 104. The memory 101 and the memory con-
troller 102 are connected by a set of signal lines 103. The
memory controller 102 and the processor 104 are connected
by a set of signal lines 105. When the processor 104 com-
mands the memory controller 102 to initiate a read or write
operation by control signals (clock CLK, read/write control
RW, transfer start BS, and address and data AD) which are
transmitted through the set of signal lines 105, the memory
controller 102 gets access to the memory 101 (and executes
the read or write operation) by control signals (clock CLK,
address A, row address strobe RAS, column address strobe
CAS, write enable WE, data mask DM, data strobe DQS, and
data DQ) which are transmitted through the set of signal lines
103. The memory controller 102 has the ECC function and
performs ECC encoding and ECC decoding.

Other memory macros equipped with the ECC function are
disclosed in Japanese Unexamined Patent Application Publi-
cations No. 2002-74983, No. 2006-244632, and No. 2008-
90419.

One requirement imposed on a semiconductor storage
device is to increase its operating frequency for read and write
operations. By increasing the operating frequency, read and
write operations at a higher speed can be achieved.

Another requirement is to maintain complete random
accessibility in each operation cycle including switching
between a read operation and a write operation. For example,
a situation in which a read operation is prohibited in an
operation cycle following a cycle of a write operation com-
manded complicates a control logic that is used for externally
controlling the semiconductor storage circuit and results in a
decrease in the random accessibility.

However, the addition of the ECC function may make it
impossible to satisfy the foregoing requirements together. For
example, a higher operating frequency, if applied, may make
it impossible to complete ECC encoding and writing into a
memory cell in one operation cycle and, similarly, may make
it impossible to complete reading from a memory cell and
ECC decoding in one operation cycle. Under a condition that
ECC processing (that is, ECC encoding or ECC decoding)
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and access to a memory cell should be completed in a single
operation cycle, the operating frequency is restricted to a
frequency that is consistent with the sum of a time taken for
the ECC processing and a time taken for the access to the
memory cell.

One method for coping with such a problem is pipelining of
processing for memory access and ECC encoding or ECC
decoding, as disclosed in, e.g., Japanese Unexamined Patent
Application Publication No. 2010-086120 mentioned above.
That is, for a write operation, ECC encoding is performed in
an operation cycle beginning with the input of a write com-
mand, data, and an address, and the data is written into a
memory core in the next operation cycle. For aread operation,
data is read from the memory core in an operation cycle
beginning with the input of a read command and an address,
and ECC decoding is performed in the next operation cycle.
In this way of operation, the length of one operation cycle can
be shortened and, thus, ECC processing can be performed
without a decrease in the operating frequency.

FIG. 2 is a timing chart presenting an example of a write
operation and a read operation of the semiconductor storage
circuit of FIG. 1. An operation sequence in which ECC pro-
cessing and memory access are pipelined, as noted above, is
illustrated in FIG. 2. Here, note the following. The memory
controller 102 in the circuit of FIG. 1 is configured to transfer
an address received from the processor 104 directly to the
memory 101 and, at the same time, perform ECC processing.
In consequence, operations are to take place such that ECC
encoding is performed in an operation cycle beginning with
the input of a write command, data, and an address, and the
data is written into the memory core in the next operation
cycle.

In the operation sequence of FIG. 2, for example, at a time
instant t1, when a write command is input, an address signal
specifying an address Al is input, and data D1 is input to a
data input, ECC processing is performed in an operation cycle
starting from the time instant t1. In the next operation cycle
(starting at a time instant t2), the memory 101 is activated and
writing of the data is performed. At a time instant t3, when a
read command is input and an address signal specifying an
address A2 is input, the memory 101 is activated and reading
of data is performed in an operation cycle starting from the
time instant t3. In the next operation cycle (starting at a time
instant t4), ECC decoding is performed.

However, in the operation sequence illustrated in FIG. 2,
the number of write cycles (the number of operation cycles
required to complete data writing after the input of a write
command) degrades to 2. The number of read cycles (the
number of operation cycles required to complete data reading
after the input of a read command) also degrades to 2.

In addition, in the operation sequence illustrated in FIG. 2,
it is necessary to prohibit input of a read command in an
operation cycle following the cycle beginning with the input
of'a write command and random accessibility is lost. Access
to the memory 101 for a writing operation takes place in an
operation cycle following the operation cycle beginning with
the input of a write command, whereas access to the memory
101 for a read operation takes place in an operation cycle
beginning with the input of a read command. Hence, if a read
command is input in the operation cycle following the cycle
beginning with the input of a write command, collision of
access to the memory 101 would occur.

In order to resolve such a trouble, it is conceivable that
access to the memory 101 is made to take place in an opera-
tion cycle following the operation cycle beginning with the
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input of a read command, thus avoiding access collision.
However, in such an operation sequence, the number of read
cycles increases to 3.

Such a problem becomes an issue particularly for an L.SI
with embedded memory. Because a memory interface is not a
bottleneck for an LSI with embedded memory, the operating
speed of a memory core is increased and, besides, there is a
large requirement for random access performance. Therefore,
the problem of an increase in the number of cycles required
for a write operation and a read operation and the problem of
restriction of input timing of a write command and a read
command become particularly serious.

SUMMARY

Therefore, an object of the present invention is to provide a
technique for maintaining a high operating frequency and
enhancing random accessibility of a semiconductor storage
circuit having the ECC function.

In one aspect of the present invention, a semiconductor
storage circuit includes a memory core which includes mul-
tiple memory cells; an error checking and correction (ECC)
encoder; and an ECC decoder. The memory core is activated
in response to input of a command for each operation cycle.
The ECC encoder performs ECC encoding of input data
which is input together with a write command and thus gen-
erates ECC data, and generates write data including the input
data and the ECC data. The ECC decoder performs ECC
decoding of read data which has been read from the memory
core according to a read command, using ECC data included
in the read data, and thus generates output data. An adjust-
ment is made to equalize a delay from input of a write com-
mand until activation of the memory core and a delay from
input of a read command until activation of the memory core.
Timing of writing of write data into the memory core is
adjusted so as to equalize a delay from input of a write
command until activation of the memory core and a delay
from input of a read command until activation of the memory
core.

In another aspect of the present invention, there is provided
an operation method of a semiconductor storage circuit
including a memory core including multiple memory cells.
The operation method includes the steps of:

activating the memory core in response to input of a com-
mand for each operation cycle;

when a write command is input as the command for a first
operation cycle of each operation cycle, performing error
checking and correction (ECC) encoding of input data which
has been input for the first operation cycle and thus generating
ECC data, and generating write data including the input data
and the ECC data;

writing the write data into a memory cell addressed by a
write address which has been input for the first operation
cycle during the activation of the memory core;

when a read command is input as the commend for a
second operation cycle of each operation cycle, reading data
to be read from a memory cell addressed by a read address
which has been input for the second operation cycle; and

performing ECC decoding of the thus read data using ECC
data included in the read data and thus generating output data.

A delay from input of a write command until activation of
the memory core is equal to a delay from input of a read
command until activation of the memory core.

According to the aspects of the present invention, there is
provided a technique for maintaining a high operating fre-
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4

quency and enhancing random accessibility of a semiconduc-
tor storage circuit having the ECC function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram presenting a configuration of a
hitherto known semiconductor storage circuit having an ECC
function;

FIG. 2 is a timing chart illustrating an operation sequence
of the semiconductor storage circuit of FIG. 1;

FIG. 3 is a block diagram presenting a configuration of a
semiconductor storage circuit of a first embodiment of the
present invention;

FIG. 4 is a timing chart illustrating an operation sequence
of'the semiconductor storage circuit of the first embodiment;

FIG. 5 is a block diagram presenting a configuration of a
semiconductor storage circuit of a second embodiment of the
present invention;

FIG. 6 is a timing chart illustrating an operation sequence
of the semiconductor storage circuit of the second embodi-
ment;

FIG. 7 is a block diagram presenting a configuration of a
semiconductor storage circuit of a third embodiment of the
present invention;

FIG. 8 is a timing chart illustrating an operation sequence
of'a semiconductor storage circuit of a fourth embodiment of
the present invention;

FIG. 9 is a block diagram presenting a configuration of a
semiconductor storage circuit of a fifth embodiment of the
present invention;

FIG. 10 is a timing chart illustrating an operation sequence
of'the semiconductor storage circuit of the fifth embodiment;

FIG. 11 is a timing chart illustrating one example of an
operation sequence of a semiconductor storage circuit of a
sixth embodiment; and

FIG. 12 is a timing chart illustrating another example of an
operation sequence of the semiconductor storage circuit of
the sixth embodiment.

DETAILED DESCRIPTION

First Embodiment

FIG. 3 is a block diagram presenting a configuration of a
semiconductor storage circuit of a first embodiment of the
present invention. In the first embodiment, the semiconductor
storage circuit of the present invention is configured as a
RAM macro 10. The RAM macro 10 includes a memory core
1, an address input buffer 2, a data input buffer 3, an ECC
encoder 4, an ECC decoder 5, an output buffer 7, and a delay
circuit 7.

The memory core 1 includes a cell array in which memory
cells are arranged in a matrix and data is stored in the cell
array. In the memory core 1, diverse memory cells which are
randomly accessible can be used; for example, dynamic ran-
dom access memory (DRAM) cells, static random access
memory (SRAM) cells, etc. can be used as the memory cells
in the memory core 1. The address input buffer 2 transfers an
address ADD and a command COM which have been input
from outside the RAM macro 10 to the memory core 1. The
data input buffer 3 transfers input data DATA_IN which has
been input from outside the RAM macro 10 to the ECC
encoder 4. A data mask signal Mask is supplied to the data
input buffer 3 and the data input buffer 3 has a function of
masking partial bits of input data DATA_IN.

The ECC encoder 4 performs ECC encoding of input data
DATA-IN and thus generates ECC data. The ECC data is data
that is used to detect and correct an error in data stored in the
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memory core 1. The ECC encoder 4 transfers input data
DATA_IN and ECC data to the memory core 1 as write data.
Write data transferred to the memory core 1 is stored into the
memory core 1.

ECC decoder 5 performs ECC decoding of read data which
has been read from the memory core 1 and thus generates
output data DATA_OUT. Particularly, both actual data (i.e.,
data corresponding to input data) and ECC data are included
in read data which has been read from the memory core 1.
Using the ECC data, the ECC decoder 5 detects whether there
is an error in the read data which has been read from the
memory core 1. If no error has been detected, the ECC
decoder 5 outputs the actual data included in the read data as
output data DATA_OUT. If an error has been detected and it
is correctable, the ECC decoder 5 corrects the error in the read
data and sends the thus corrected data to the output buffer 6 as
output data DATA_OUT. The output buffer 6 outputs the
output data DATA_OUT outside.

The RAM macro 10 is externally supplied with a clock
signal CLK and the memory core 1, address input buffer 2,
data input buffer 3, ECC decoder 5, and output buffer 6
operate in response to the clock signal CLK. The clock signal
CLK has a cycle that is as long as an operation cycle. One
cycle of the clock signal CLK corresponds to an operation
cycle.

However, the memory core 1 and the ECC decoder 5 are
supplied with a delayed clock signal CLKD that is obtained
by delaying the clock signal CLK by the delay circuit 7. This
is intended to delay activation timing of the memory core 1
and delay operation timing of the ECC decoder 5 in tune with
the activation timing of the memory core 1. As will be detailed
later, it is important for the RAM macro 10 of the present
embodiment to delay the activation timing of the memory
core 1 and delay the operation timing of the ECC decoder 5in
order to maintain a high operating frequency and enhance
random accessibility.

FIG. 4 is a timing chart illustrating an operation sequence
of'the RAM macro 10 of the first embodiment. A clock signal
CLK is delayed by the delay circuit 7 and a delayed clock
signal CLKD is generated. In the example of FIG. 4, a delay
time of the delayed clock signal CLKD from the clock signal
CLK is presented as tj,.

For a write operation, at the start of an operation cycle in
which the write operation is to be performed, a write com-
mand is input as a command COM in sync with an assertion
of'a clock signal CLK (a rising edge of the clock signal CLK
in the present embodiment). Together with the input of the
write command, an address ADD specifying a write address
and input data DATA_IN are input at the same time. The
address input buffer 2 and the data input buffer 3 take in the
address ADD and the input data DATA_IN synchronously
with the assertion of the clock signal CLK. Then, ECC encod-
ing is performed by the ECC encoder 4 and ECC data is
generated. Furthermore, the memory core 1 is activated (that
is, a selected word line corresponding to the write address is
activated) in response to an assertion of a delayed clock signal
CLKD (arising edge of the delayed clock signal CLKD in the
present embodiment) and writing of write data (i.e., the input
data DATA_IN and the ECC data) into the memory core 1 is
performed.

The delay time t,, of the delayed clock signal CLKD is
adjusted so that activation timing of the memory core 1 will
follow the completion of the ECC encoding and data will be
fixed in a memory cell addressed by the write address in the
memory core 1 at the start of a next operation cycle. It should
be noted that the number of write cycles is 1, because data is
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fixed in the memory cell addressed by the write address in the
memory core 1 at the start of a next operation cycle.

For example, at a time instant t1 to start an operation cycle,
when a write command, an address Al and input data D1 are
input, ECC encoding of the input data D1 is performed and
ECC data is generated. Then, the memory core 1 is activated
in response to the assertion of the delayed clock signal
CLKD. At this time, in the memory core 1, a word line WL1
selected by the address Al is activated and the write data is
written into a memory cell addressed by the address Al.

A write operation is performed in the same way also for a
time instant t4 when a write command, an address A4, and
input data D4 are input and a time instant t5 when a write
command, an address A5, and input data D5 are input.

It should here be noted that a write operation is exactly
completed after entering an operation cycle following the
operation cycle in which the write operation has begun. How-
ever, because activation timing of the memory core 1 is
delayed also in a next operation cycle, as will be described
later, delayed completion of a write operation poses no prob-
lem.

On the other hand, for a read operation, at the start of an
operation cycle in which a read operation is to begin, a read
command is input as a command COM in sync with an asser-
tion of the clock signal CLK and, besides, an address ADD
specifying a read address is input. Then, the memory core 1is
activated (that is, a selected word line corresponding to the
read address is activated) in response to an assertion of the
delayed clock signal CLKD and data to be read is read from
a memory cell addressed by the address ADD in the memory
core 1.

Then, the read data which has been read from the memory
core 1 is taken into the ECC decoder 5 in response to an
assertion of the delayed clock signal CLKD in a next opera-
tion cycle and ECC decoding is performed by the ECC
decoder 5. Output data DATA_OUT obtained through the
ECC decoding is sent to the output buffer 6. The output buffer
6 takes in the output data DATA_OUT from the ECC decoder
5 at the start of an operation cycle that is two cycles after the
operation cycle in which the read operation has begun and
outputs the taken output data DATA_OUT outside. It should
be noted that the number of read cycles is 2 in this way of read
operation.

For example, suppose that, at a time instant t2 to start an
operation cycle, a read command and an address A2 have
been input. Then, the memory core 1 is activated (that is, a
word line corresponding to the address A2 is activated) in
response to an assertion of the delayed clock signal CLKD
and data to be read in a location addressed by the address A2
is read from the memory core 1. Furthermore, the read data
which has been read from the memory core 1 is taken into the
ECC decoder 5 in response to an assertion of the delayed
clock signal CLKD in a next operation cycle (starting at a time
instant t3) and ECC decoding is performed by the ECC
decoder 5. Output data Q2 obtained through the ECC decod-
ing is sent to the output buffer 6. The output data Q2 sent to the
output buffer 6 is taken into the output buffer 6 at the start of
anext operation cycle (starting at a time instant t4) and output
outside.

A read operation is performed in the same way also for a
time instant t3 when a read command and an address A3 are
input.

It should here be noted that a read operation is exactly
completed after entering an operation cycle that is two cycles
after the operation cycle in which the read operation has
begun. However, because activation timing of the memory
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core 1 is delayed in each operation cycle, as will be described
later, delayed completion of a read operation poses no prob-
lem.

In the operation sequence of the RAM macro 10 of the
present embodiment described above, when a write operation
is performed, the memory core 1 is activated in synch with the
delayed clock signal CLKD. Accordingly, data writing into a
memory cell addressed by a write address can begin in the
same operation cycle as the operation cycle in which ECC
encoding is performed. As a result, the number of write cycles
can decrease to 1, though internal operation of the memory
core 1 for a write operation terminates after entering an opera-
tion cycle following the operation cycle beginning with the
input of a write command.

Besides, in an operation cycle following the cycle in which
a read operation has begun, ECC decoding begins in sync
with the delayed clock signal CLKD. Accordingly, read data
can be output at the start of a next operation cycle without a
decrease in the operating frequency. In other words, a high
operating frequency can be maintained. Moreover, in this way
of operation, the number of read cycles remains at 2, though
internal operation of the memory core 1 for a read operation
terminates after entering an operation cycle that is two cycles
after the operation cycle beginning with the input of a read
command.

In addition, in the operation sequence of the RAM macro
10 of the present embodiment, the memory core 1 is activated
in synch with the delayed clock signal CLKD for both a read
operation and a write operation. Thereby, a delay time after
the input of each write command until the activation timing of
the memory core 1 (that is, the activation timing of a selected
word line) and a delay time after the input of each read
command until the activation timing of the memory core 1 are
equalized.

In this way of operation, random accessibility is enhanced.
As will be understood from FIG. 4, even if a read command is
input at the start of an operation cycle following an operation
cycle beginning with the input of a write command, there
occurs no collision between the activation of the memory core
1 for the write operation and that for the read operation.
Likewise, even if a write command is input at the start of an
operation cycle following an operation cycle beginning with
the input of a read command, there occurs no collision
between the activation of the memory core 1 for the write
operation and that for the read operation.

Second Embodiment

FIG. 5 is a block diagram presenting a configuration of a
semiconductor storage circuit of a second embodiment of the
present invention. The semiconductor storage circuit of the
second embodiment is configured as a RAM macro 10A that
performs a late write mode of write operation. The late write
mode is a mode in which a write address and data which have
been input together with the input of a write command are
stored in a register and the stored data is written into a
memory cell addressed by the write address in an operation
cycle beginning with the input of a next write command. The
configuration and operation of the RAM macro 10A of the
second embodiment are described below.

While the RAM macro 10A of the second embodiment has
a configuration analogous to that of the RAM macro 10 of the
first embodiment, its difference from the latter lies in that it
additionally includes an address register 8, a data register 9,
and a selector 11 and includes a late write control circuit 7A
instead of the delay circuit 7. The address register 8 has a
function of temporarily storing an address ADD and the data
register 9 has a function of receiving write data (input data
DATA_IN and ECC data) from the ECC encoder 4 and tem-
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porarily storing the write data. The selector 11 sends an
address which is output from the address input buffer 2 to the
memory core 1 when a read operation is performed and sends
an address which is output from the address register 8 to the
memory core 1 when a write operation is performed. As will
be described later, the address register 8, the data register 9,
and the selector 11 are used to implement a late write mode of
write operation.

The late write control circuit 7A controls respective cir-
cuits (memory core 1, address input buffer 2, data input buffer
3, ECC encoder 4, ECC decoder 5, address register 8, data
register 9, and selector 11) of the RAM macro 10A in synch
with a clock signal CLK which is externally supplied. A
command COM is input to the late write control circuit 7A
and the late write control circuit 7A carries out control on a
variety oftasks according to the command COM. In FIG. 5, a
symbol CTRL,_RAM stands for a control signal for control-
ling the memory core 1. To other circuits as well, a control
signal for controlling their operation is supplied. A data mask
signal Mask is supplied to the data input buffer 3 and the data
input buffer 3 has a function of masking partial bits of input
data DATA_IN.

FIG. 6 is a timing chart illustrating an operation sequence
of the RAM macro 10A of the second embodiment. At the
start of an operation cycle in which a write operation is to
begin, a write command is input as a command COM in sync
with an assertion of the clock signal CLK. Together with the
input of the write command, an address ADD specifying a
write address and input data DATA_IN are input at the same
time. The address input buffer 2 and the data input buffer 3
take in the address ADD and the input data DATA_IN syn-
chronously with the assertion of the clock signal CLK.

Furthermore, the memory core 1 is activated (that is, a
selected word line is activated) in response to an assertion of
a delayed clock signal CLKD and writing of write data into
the memory core 1 is performed. At this point, for this write
operation, the output of the address register 8 is selected by
the selector 11. Thus, an address that is selected when the
memory core 1 has been activated is an address stored in the
address register 8, that is, a write address which was input
together with a preceding write command. The write data to
be written is write data stored in the data register 9, that is,
input data DATA_IN which was input together with the pre-
ceding write command and ECC data generated from the
input data DATA_IN by ECC encoding. In this way of opera-
tion, the late write mode of write operation is implemented.

In parallel with the writing of the write data and ECC data
stored in the data register 9 into the memory core 1, updating
the address register 8 and the data register 9 is performed. An
address ADD which was input together with the input of the
latest write command is stored into the address register 8.
Besides, ECC encoding of input data DATA_IN which was
input together with the input of the latest write command is
performed by the ECC encoder 4 and ECC data is generated.
The input data DATA_IN and the generated ECC data are sent
from the ECC encoder 4 to the data register 9 and stored as
write data. The write data stored in the data register 9 is sent
to and written into the memory core when a next write com-
mand is input.

For example, suppose that, before a time instant t1, an
address A0 was being stored in the address register 8 and
write data DOE was being stored in the data register 9. At the
time instant t1 to start an operation cycle, when a write com-
mand, an address A1, and input data D1 are input, the memory
core 1 is activated in response to the input of the write com-
mand. At this time, a word line corresponding to the address
A0 being stored in the address register 8 is selected and the
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write data DOE being stored in the data register 9 is written
into a memory cell addressed by the address A0.

Concurrently, ECC encoding of the input data D1 is per-
formed and ECC data is generated, and the input data D1 and
the generated ECC data are stored into the data register 9 as
write data D1E. In addition, the address A 1 is stored into the
address register 8.

Then, at a time instant t4, when a write command, an
address A4, and input data D4 are input, the memory core 1is
activated in response to the input of the write command. At
this time, a word line corresponding to the address A1l being
stored in the address register 8 is selected and the write data
DI1E being stored in the data register 9 is written into a
memory cell addressed by the address Al.

Concurrently, ECC encoding of the input data D4 is per-
formed and ECC data is generated, and the input data D4 and
the generated ECC data are stored into the data register 9 as
write data D4E. At a time instant t5, when a write command
is input, likewise, the write data D4E being stored in the data
register 9 is written into a memory cell addressed by the
address A4 being stored in the address register 8. A write
operation is likewise performed for input data D5 and an
address A5 which are input together with a write command at
the time instant t5.

On the other hand, for a read operation, at the start of an
operation cycle in which a read operation is to begin, a read
command is input as a command COM in sync with an asser-
tion of the clock signal CLK and, besides, an address ADD
specifying a read address is input. Then, the memory core 1is
activated (that is, a selected word line corresponding to the
read address is activated) in response to an assertion of the
clock signal CLK and data to be read is read from the memory
core 1. Actual data and ECC data are included in the thus read
data.

Then, the read data which has been read from the memory
core 1 is taken into the ECC decoder 5 in response to an
assertion of the clock signal CLK at the start of a next opera-
tion cycle and ECC decoding is performed by the ECC
decoder 5. Output data DATA_OUT obtained through the
ECC decoding is sent to the output buffer 6. The output buffer
6 outputs the output data DATA_OUT received from the ECC
decoder 5 outside. The read operation is already completed at
the start of an operation cycle that is two cycles after the
operation cycle beginning with the input of the read com-
mand. It should be noted that the number of read cycles is 2 in
this way of read operation.

For example, suppose that, at a time instant 2 to start an
operation cycle, a read command and an address A2 have
been input. The memory core 1 is activated (that is, a word
line corresponding to the address A2 is activated) in response
to the input of the read command and data to be read in a
location addressed by the address A2 is read from the memory
core 1. Furthermore, the read data which has been read from
the memory core 1 is taken into the ECC decoder 5 in
response to an assertion of the clock signal CLK at the start of
a next operation cycle (starting at a time instant t3) and ECC
decoding is performed by the ECC decoder 5. Output data Q2
obtained through the ECC decoding is sent to the output
buffer 6. The output data Q2 is output outside from the output
butfer 6.

A read operation is performed in the same way also for a
time instant t3 when a read command and an address A3 are
input.

In the operation sequence of the RAM macro 10A of the
present embodiment described above, the late write mode of
write operation is used. Thus, input data DATA _IN which has
been input together with a write command is actually written
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into the memory core 1 in an operation cycle beginning with
a next write command. Accordingly, it is possible to secure
time required for ECC encoding without delaying activation
timing of the memory core 1 using a delayed clock signal
CLKD, as in the first embodiment. Meanwhile, because a
write operation can be completed in an operation cycle begin-
ning with the input of a write command, the number of write
cycles in effect can decrease to 1.

Besides, at the start of an operation cycle following the
cycle in which a read operation has begun, ECC decoding
begins in sync with the clock signal CLK. Accordingly, out-
put data DATA_OUT can be output at the start of a next
operation cycle without a decrease in the operating frequency.
In other words, a high operating frequency can be maintained.
Moreover, in this way of operation, the number of read cycles
remains at 2.

In addition, in the operation sequence of the RAM macro
10A of the present embodiment, the memory core 1 is acti-
vated in response to an assertion of the clock signal CLK at
the start of an operation cycle for both a read operation and a
write operation. Thereby, a delay time after the input of each
write command until the activation timing of the memory
core 1 (that is, the activation timing of a selected word line)
and a delay time after the input of each read command until
the activation timing of the memory core 1 are equalized.

In this way of operation, random accessibility is enhanced.
As will be understood from FIG. 6, even if a read command is
input at the start of an operation cycle following an operation
cycle beginning with the input of a write command, there
occurs no collision between the activation of the memory core
1 for the write operation and that for the read operation.
Likewise, even if a write command is input at the start of an
operation cycle following an operation cycle beginning with
the input of a read command, there occurs no collision
between the activation of the memory core 1 for the write
operation and that for the read operation.

Third Embodiment

FIG. 7 is a block diagram presenting a configuration of a
semiconductor storage circuit of a third embodiment of the
present invention. The semiconductor storage circuit of the
third embodiment is configured as a RAM macro 10B having
a configuration adapted to enhance reliability by using a
memory redundancy technique. Particularly, while the RAM
macro 10B of the third embodiment has a configuration
analogous to that of the RAM macro 10 of the first embodi-
ment, its difference from the latter lies in that it includes a
redundancy decision circuit 12. Moreover, the memory core 1
is provided with redundant memory cells.

The redundancy decision circuit 12 receives an address
ADD (a write address or a read address) from the address
input buffer 2, performs a redundancy decision process which
decides whether redundancy is needed for the address ADD
received, and generates a redundancy decision signal. Par-
ticularly, if a memory cell selected by the received address
ADD is faulty, the redundancy decision circuit 12 sends to the
memory core 1, a redundancy decision signal that instructs to
select a redundant memory cell instead of the faulty memory
cell. A decoder 1a of the memory core 1 selects a redundant
memory cell instead of the faulty memory cell in response to
the address ADD received from the address input buffer 2 and
the redundancy decision signal. For example, it may select a
redundant word line linked to a redundant memory cell
instead of a word line to which the fault memory cell is
coupled and it may select a redundant bit line linked to a
redundant memory cell instead of a bit line to which the fault
memory cell is coupled. It should here be noted that the
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operation of the redundancy decision circuit 12 is performed
in parallel with the operation of the ECC encoder 4.

In the first embodiment, because of delayed activation
timing of the memory core 1, a critical path that determines an
operating speed is a path transmitting input data DATA_IN or
output data DATA_OUT, not a path transmitting an address
ADD. Meanwhile, in the third embodiment which makes
effective use of this fact, signal processing by the redundancy
decision circuit 12 and the decoder 1a (i.e., the redundancy
decision process and changing a word line and/or bit line in
the memory core 1), which is regarded as a factor of decreas-
ing the operating speed and increasing the area, is performed
in parallel with ECC encoding by the ECC encoder 4.
Thereby, a circuit configuration or layout making it possible
to reduce the area and power consumption can be selected.
Fourth Embodiment

FIG. 8 is a timing chart illustrating an operation sequence
of'a semiconductor storage circuit of a fourth embodiment of
the present invention. In the fourth embodiment, a RAM
macro having the same configuration as the RAM macro 10A
of the second embodiment is used. However, in the fourth
embodiment, for a read operation, the operation of the RAM
macro is modified such that output data DATA_OUT is output
in response to a negation of the clock signal CLK (a falling
edge of the clock signal CLK in the present embodiment).
Thereby, the number of read cycles is reduced to 1.5. A write
operation of the RAM macro of the fourth embodiment is the
same as is the case for the second embodiment.

Particularly, at the start of an operation cycle in which a
read operation is to begin, a read command is input as a
command COM in sync with an assertion of the clock signal
CLK and, besides, an address ADD specifying a read address
is input. Then, the memory core 1 is activated (that is, a
selected word line corresponding to the read address is acti-
vated) in response to an assertion of the clock signal CLK and
data to be read is read from the memory core 1.

Then, the read data which has been read from the memory
core 1 is taken into the ECC decoder 5 in response to an
assertion of the clock signal CLK at the start of a next opera-
tion cycle and ECC decoding is performed by the ECC
decoder 5. Output data DATA_OUT obtained through the
ECC decoding is sent to the output buffer 6.

In response to a negation of the clock signal CLK, the
output buffer 6 receives the output data DATA_OUT from the
ECC decoder 5 and outputs the received output data
DATA_OUT outside. A read operation is to be completed at
the middle of an operation cycle following the operation cycle
beginning with the input of a read command. In this way of
read operation, it is possible to reduce the number of read
cycles to 1.5.

Fifth Embodiment

FIG. 9 is a block diagram presenting a configuration of a
semiconductor storage circuit of a fifth embodiment of the
present invention. The semiconductor storage circuit of the
fifth embodiment is configured as a RAM macro 10C that
performs a late write mode of write operation, like the RAM
macro 10A of'the second embodiment. However, in the RAM
macro 100 of the fifth embodiment, an output clock signal
CLK_OUT which is used only for output is supplied to the
output buffer 6. In the configuration of the RAM macro 10A
of the second embodiment, timing when output data
DATA_OUT is generated is affected by a delay in the ECC
decoder 5. Consequently, data release timing varies depend-
ing on the contents of read data, which may give rise to a
problem. In order to cope with such a problem, in the fifth
embodiment, the output clock signal CLK_OUT which is
obtained by delaying the clock signal CLK is supplied from
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the late write control circuit 7A to the output buffer 6 and the
output buffer 6 outputs output data DATA_OUT in sync with
the output clock signal CLK_OUT. Thereby, data release
timing in each operation cycle become constant.

FIG. 10 is a timing chart illustrating an operation sequence
of the RAM macro 10C of the fifth embodiment. A write
operation of the RAM macro 10C of the fifth embodiment is
the same as is the case for the second embodiment.

On the other hand, a read operation is performed as fol-
lows. At the start of an operation cycle in which a read opera-
tion is to begin, a read command is input as a command COM
in sync with an assertion of the clock signal CLK and,
besides, an address ADD specifying a read address is input.
Then, the memory core 1 is activated (that is, a selected word
line corresponding to the read address is activated) in
response to an assertion of the clock signal CLK and data to
be read and ECC data are read from the memory core 1.

Then, the read data which has been read from the memory
core 1 is taken into the ECC decoder 5 in response to an
assertion of the clock signal CLK at the start of a next opera-
tion cycle and ECC decoding is performed by the ECC
decoder 5. Output data DATA_OUT obtained through the
ECC decoding is sent to the output buffer 6.

In response to an assertion of the output clock signal CLK-
_OUT, the output buffer 6 receives the output data
DATA_OUT from the ECC decoder 5 and outputs the
received output data DATA_OUT outside. In this way of read
operation, while the number of read cycles remains at 2, data
release timing in each operation cycle can be made constant.

Besides, in the fifth embodiment, if the output clock signal
CLK_OUT is generated by delaying the clock signal CLK by
a half cycle, it is also possible to reduce the number of read
cycles to 1.5, as is the case for the fourth embodiment.
Sixth Embodiment

FIG. 11 and FIG. 12 are timing charts illustrating an opera-
tion sequence of a semiconductor storage circuit of a sixth
embodiment of the present invention. In the sixth embodi-
ment, operation of a RAM macro is presented in a case where
the memory core 1 with integrated memory cells requiring a
refresh operation is used. DRAM cells are a typical example
of memory cells requiring a refresh operation.

Now, FIG. 11 illustrates an example of modification to the
operation sequence of the RAM macro 10 of the first embodi-
ment and illustrates the operation sequence of the RAM
macro in a case where a delayed clock signal CLKD is used.
Meanwhile, FIG. 12 illustrates an example of modification to
the operation sequence of the RAM macro 10A of the second
embodiment and illustrates the operation sequence of the
RAM macro in a case where a late write mode of write
operation is performed. In the operation sequences of FIG. 11
and FIG. 12, in each case, a refresh operation is performed in
response to a command (refresh command) that instructs to
execute a refresh operation. An address ADD is input together
with a refresh command and a memory cell coupled to a
selected word line corresponding to the address ADD is
refreshed.

In the present embodiment, a delay time after the input of
arefresh command until activation timing of the memory core
1 (that is, activation timing of a selected word line) is adjusted
to be equal to a delay time after the input of each write
command until activation timing of the memory core 1 and a
delay time after the input of each read command until activa-
tion timing of the memory core 1. Specifically, in the opera-
tion sequence of FIG. 11, the memory core 1 is activated in
synch with the delayed clock signal CLKD in each case when
a read operation, a write operation, or a refresh operation is
performed. On the other hand, in the operation sequence of
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FIG. 12, the memory core 1 is activated in response to an
assertion of the clock signal CLK at the start of an operation
cycle in each case when a read operation, a write operation, or
a refresh operation is performed. Thereby, a delay time after
the input of a refresh command until the activation timing of
the memory core 1 becomes equal to a delay time after the
input of each write command until the activation timing of the
memory core 1 (that is, a delay time after the input of each
read command until the activation timing of the memory core

1). In this way of operation, it is possible to enhance random 10

accessibility with the inclusion of a refresh operation.

While embodiments of the present invention have been
described in various ways hereinbefore, the present invention
should not be construed to be limited to the foregoing
embodiments. It should be noted that the present invention
may be carried out with modifications, which are obvious to
those skilled in the art, made to the foregoing embodiments.
While various embodiments have been described in the fore-
going context, it is possible to combine and implement mul-
tiple embodiments as long as there is no technical inconsis-
tency.

What is claimed is:

1. A semiconductor storage circuit comprising:

a memory core including a plurality of memory cells;

an error checking and correction (ECC) encoder; and

an ECC decoder,

wherein the memory core is activated in response to input
of'a command for an operation cycle,

wherein the ECC encoder performs ECC encoding of input
data which is input together with a write command and
thus generates ECC data, and generates write data
including the input data and the ECC data,

wherein the ECC decoder performs ECC decoding of read
data which has been read from the memory core accord-
ing to a read command, using ECC data included in the
read data, and thus generates output data,

wherein an adjustment is made to equalize a delay from
input of the write command until activation of the
memory core and a delay from input of the read com-
mand until activation of the memory core, and

wherein the semiconductor storage circuit further com-
prises one of:

a delay circuit that makes the adjustment by generating
a delayed clock by delaying a clock signal which is
supplied from outside the semiconductor storage cir-
cuit, and supplying the delayed clock to the memory
core, the ECC decoder performing the ECC decoding
in sync with the delayed clock and a delay time of the
delayed clock being set such that activation of the
memory core will follow completion of the ECC
encoding; and

a control circuit that makes the adjustment by generating
a control signal for controlling an activation of the
memory core, and supplying the control signal to the
memory core.

2. The semiconductor storage circuit according to claim 1,
wherein the semiconductor storage circuit comprises the
delay circuit, and further comprises:

a data input buffer that receives the input data in sync with
the clock signal which is externally supplied and trans-
fers the received input data to the memory core; and

an address input buffer that, in synch with the clock signal,
receives a write address which is input together with the
write command and a read address which is input
together with the read command and transfers the
received write address and the received read address to
the memory core, and
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wherein the memory core is activated in sync with the
delayed clock.

3. The semiconductor storage circuit according to claim 2,
wherein the delayed clock is the clock signal delayed so that
write data written into a memory cell will be fixed until the
end of a first operation cycle.

4. The semiconductor storage circuit according to claim 2,
further comprising:

a redundancy decision circuit that performs a redundancy
decision process which decides whether to access a
redundant memory cell included in the memory core,
based on the write address,

wherein the redundancy decision process is performed in
parallel with the ECC encoding.

5. The semiconductor storage circuit according to claim 1,
wherein the write command comprises a first write command,
and

wherein writing of the write data into the memory core in
response to the first write command is performed when
the memory core is activated in response to input of a
second write command which is input for a second
operation cycle following a first operation cycle begin-
ning with the input of the first write command.

6. The semiconductor storage circuit according to claim 5,

further comprising:

a data register; and

an address register,

wherein, in the first operation cycle, the write data is stored
into the data register and a write address which has been
input together with the first write command is stored into
the address register, and

wherein, in the second operation cycle, the write data
stored in the data register is written into a memory cell
addressed by the write address stored in the address
register.

7. The semiconductor storage circuit according to claim 6,
wherein the semiconductor storage circuit comprises the con-
trol circuit, and further comprises:

a data input buffer that receives the input data in sync with
the a clock signal which is supplied from outside the
semiconductor storage circuit and transfers the received
input data to the ECC encoder;

an address input buffer that, in synch with the clock signal,
receives the write address and the read address and out-
puts the received write address and the received read
address; and

a selector that selects the write address stored in the address
register in response to the second write command which
is input for the second operation cycle or selects the read
address which is output from the address input bufter in
response to the read command and outputs the selected
address to the memory core, and

wherein the control circuit, in sync with the clock signal,
activates the memory core so that writing of write data
into the memory core occurs at such timing so as to
equalize a delay from input of the first write command
until activation of the memory core and a delay from
input of the read command until activation of the
memory core.

8. The semiconductor storage circuit according to claim 7,
wherein the ECC decoding is performed in a third operation
cycle following the second operation cycle,

wherein, in the second operation cycle, the memory core is
activated in response to an assertion of the clock signal,
and
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wherein, in the third operation cycle, the output data is
taken into an output buffer and output outside the semi-
conductor storage circuit in response to a negation of the
clock signal.
9. The semiconductor storage circuit according to claim 7,
further comprising:
an output buffer,
wherein the ECC decoding is performed in a third opera-
tion cycle following the second operation cycle,

wherein the control circuit activates the memory core in
sync with the clock signal for the second operation
cycle,

wherein the control circuit generates an output clock signal

by delaying the clock signal, and

wherein the output buffer takes in and outputs the output

data outside the semiconductor storage circuit in sync
with the output clock signal.

10. The semiconductor storage circuit according to claim
6, wherein the ECC decoding is performed in a third opera-
tion cycle following the second operation cycle, and

wherein the output data is output outside the semiconduc-

tor storage circuit until the end of the third operation
cycle.

11. The semiconductor storage circuit according to claim
1, wherein, when a refresh command is input as the command
for a fifth operation cycle of the each operation cycle, a
refresh operation is performed with activation of the memory
core, and

wherein a delay from input of the refresh command until

the activation of the memory core is equal to a delay
from input of the write command until activation of the
memory core and a delay from input of the read com-
mand until activation of the memory core.

12. An operation method of a semiconductor storage circuit
including a memory core having a plurality of memory cells,
the operation method comprising:

activating the memory core in response to input of a com-

mand for each operation cycle;

when a write command is input as the command for a first

operation cycle of the each operation cycle, performing
error checking and correction (ECC) encoding of input
data which has been input for the first operation cycle
and thus generating ECC data, and generating write data
comprising the input data and the ECC data;

writing the write data into a memory cell addressed by a

write address which has been input for the first operation
cycle during the activation of the memory core;

when a read command is input as the commend for a

second operation cycle of the each operation cycle, read-
ing data to be read from a memory cell addressed by a
read address which has been input for the second opera-
tion cycle;
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performing ECC decoding of the thus read data using ECC
data included in the read data and thus generating output
data; and
making an adjustment to equalize a delay from input of the
write command until activation of the memory core and
a delay from input of the read command until activation
of the memory core, by one of:
a delay circuit that makes the adjustment by generating
a delayed clock by delaying a clock signal which is
supplied from outside the semiconductor storage cir-
cuit, and supplying the delayed clock to the memory
core, the ECC decoding being performed in sync with
the delayed clock and a delay time of the delayed
clock being set such that activation of the memory
core will follow completion of the ECC encoding; and
acontrol circuit that makes the adjustment by generating
a control signal for controlling an activation of the
memory core, and supplying the control signal to the
memory core.

13. The operation method of a semiconductor storage cir-
cuit according to claim 12, further comprising:

receiving the input data by a data input buffer in the semi-
conductor storage circuit in synch with the clock signal
which is externally supplied and transferring the
received input data to the memory core;

receiving the write address by an address input buffer in the
semiconductor storage circuit in sync with the clock
signal and transferring the received write address to the
memory core; and

receiving the read address by the address input buftfer in the
semiconductor storage circuit in sync with the clock
signal and transferring the received read address to the
memory core,

wherein the making ofthe adjustment is by the delay circuit
generating the delayed clock by delaying the clock sig-
nal, and

wherein the memory core is activated in sync with the
delayed clock.

14. The operation method of a semiconductor storage cir-
cuit according to claim 12, wherein the write command com-
prises a first write command, and

wherein writing of the write data into the memory core in
response to the first write command which has been
input for the first operation cycle is performed when the
memory core is activated in response to input of a second
write command for a second operation cycle following
the first operation cycle beginning with the input of the
first write command.
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